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Introduction

2 Problematic:

»Operator and industry need generation of total attenuation (&

scintillation) time series for non-GEO applications (telecom or
HDTV).

»Rec. ITU-R P.1853-2 propose a method to synthesize time series of
single and multi-site tropospheric impairment on Earth-space paths
but only in the case of Geostationary Earth Orbit (GEO).

- Objective: Adaptation of the existing recommendation ITU-R P.1853-2
to Low and Medium Earth Orbits configuration (LEO & MEO)
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Introduction

> How ?

»Non-GEQO satellites induces a variation in time of elevation and
azimuth angles.

»Use of elevation-dependent parameters to parameterize the
statistical distribution of attenuation:

=parameterization is analytic in the cases of the attenuation due
to oxygen, water vapour, cloud and for tropospheric scintillation,

=for rain attenuation, a precomputation of distribution parameters
for different angles and a linear interpolation of these
parameters at the desired angle is used.

»Then, application of a non-linear transformation to give the final
attenuation processes the desired distributions
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Distributions parametrization

= Oxygen attenuation:

»Rec. ITU-R P.676-12 convert surface temperature, surface total
pressure and surface water vapour density into oxygen height h,
and into oxygen specific attenuation y,

Annual mean surface Ty
temperatures

P, A,
Annual mean surface P, . A,
total pressures : ITU-R P.676 > :
P.'-J‘ Ay
Oxygen

Wy,

W attenuation (dB)

Annual mean surface
water vapour densities

WV P.1853-02

»Direct analytic formula to compute oxygen attenuation A,
depending on elevation angle 6:

A,.(6) = hovo
Ox sin 0
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Distributions parametrization

~»Water vapour attenuation:

»Rec ITU-R P.676 gives the relationship between water vapour
attenuation and elevation angle 6:

AW]/(G == 900)
sin 0

AWV(Q) —

»According to Rec ITU-R P.1853-2, water vapour attenuation follows a
Weibull distribution with scale parameter A, and shape parameter k.

: I =pyy? Gy (4) N A_]' '
n (k) —>J }.u'r-(—in(Q(Gu'l'(»"\')))) w2 Awr B

White gaussian Correlated Water vapour
noise gaussian process attenuation (dB)

P.1853-03

The CCDF is given by:  P(Ayy (8) > Alyy) = P = e~ (Awv/D"
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Distributions parametrization

~»Water vapour attenuation:

(1) InA,,(0) = aln —lni + b
wy 100 ,

Therefore,

P
(2)  InA,,(6 =90°) = aln (—ln m) + b + In(sin 6)

Whose solutions are:

Kk (6) = ~
wv - a
va(e) = epr

(1)

1

k 6 =90°) =—

. (6 =909 =
Awy (6 =90°) =expb’ =expb Xsinf
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Distributions parametrization

~»Water vapour attenuation:

r
1
kWV(H) — kWV(9 — 900) — E

(1’) and (2’) give: < Ay (8 = 90°)

7\WV (9) —

L sin 6
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Distributions parametrization

=»-Cloud attenuation:

»According to Rec. ITU-R P.1853-2, cloud attenuation follows a
mixed Dirac-Lognormal distribution:

Low-pass filter

Yo

Thresholding Memoryless non-linear device

s ac=0 ](P(‘) Bd (‘.l‘[?(Q !(Q(G:D—“)))xd( +m{) > Ac(k)

n(k)
e

Correlated Cloud attenuation
gaussian process (dB)

Te2 P.1853-05

White gaussian
noises

»In Rec. ITU-R P.1853-2, cloud attenuation distribution parameter
are linked to integrated liquid water content ones and elevation

angle:
Mec = Mywce + ln(Kl/Sin 6)
Oc = 01Lwc
Pc = Ppwc
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Distributions parametrization

~»-Rain attenuation:

»According to Rec. ITU-R P.1853-2, rain attenuation follows a mixed
Dirac-Lognormal distribution:

Low-pass filter "
PRI

Xy (B)

"
| =pg2

B

Thresholding Memoryless non-linear device

1-pg 27!
G (k)
" w0t (o (B2 orem) > e
[
’ l-pg2 | X2k
White gaussian Correlated Rain
noise 1 =pgoZ”! gaussian processes attenuation
» (dB)
r2
P.1853-07

» No direct parametrization of distribution parameters my and og
taking into account elevation angle is given
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Distributions parametrization

~»-Rain attenuation:

»pre-computation of the log-normal rain attenuation distribution
parameter m, and o for different elevation angles (1° resolution) at
the desired location and frequency,

»use of linear regression to interpolate m; and oy at the desired
angle during the time series computation.

Average annual rainfall attenuation CCDF
in Toulouse

—e— [TU-R P.618 - 90°
—e— 45°

20
—e— 30°
—8— 15°
15 ¢ Model

approximation

Rainfall attenuation exceeded [dB]

1072 107! 10° 10!
Probability of exceedance [%]
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Distributions parametrization

~»-Scintillation:

»In Rec. ITU-R P.1853, scintillation is generated by filtering white Gaussian
noise:

Low-pass filter

nt)
White —»
gaussian noise

—80/3 dB/decade

————— sci(f)

Scintillation (dB)

Amplitude (dB)

L Frequency

P.1853-09

»Rec. ITU-R P. 618-13 gives a model for the statistical distribution of the
standard deviation o depending on elevation angle 6 (6 >5° ) based on

wet component of the refractivity N,,.

(Orep = 3.6 X 1073 + 107* X Ny,

g(x) : (11 1
o= O'reff7/12 W with < gx) = \/3.86(x2 + 1)11/12 . 5jn (? arctan ;) — 7.08x5/6

\_x = 1.22DZ¢+(f /L)
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Distributions parametrization

~»-Scintillation:

> With this method, there is no change in cutt-off frequency, £%? roll-off or

dynamic. Only an offet is visible on the scintillation spectrum.

Power Spectral Density estimated

Power Spectral Density estimated
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Time series generation and statistical analyses

»Example of attenuation and scintillation time series

»Simulation at 20.2 GHz with a O3B like satellite in Toulouse
(France).

Zoom on one pass during a rain event:

Synthetic attenuation time series Scintillation synthesis in LEO configuration
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—— Rain attenuation

—— Cloud attenuation

—— Water vapour attenuation
—— Oxygen attenuation

—— Total attenuation
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Time series generation and statistical analyses

~»Ten years attenuation CCDF
»Rec. ITU-R P.618-13 gives the theorical CCDF of a non-GEO satellite

90 P(8 = 6") is the PDF of elevation angles
u =j u(8*)P(6 = 0*)dO* where

Omin ’LL(H*) = P(A > A*|9 = 9*)

» Simulation result:

Ten years attenuation CCDF
for a link between Toulouse and O3B

~— (CCDF of the generated time series
Theorical CCDF (ITU-R P.618)
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Conclusion

~Main results:

»An improvement of Rec. ITU-R P.1853-2 for non-GEO link has
been presented

>t is based on parametrization of distribution parameter depending
on elevation angle

»CCDF of time series shows good agreement with theorical one on
long terme simulation

- Limitations:
»Single site configuration
» Temporal correlation is orbit independent
»No change in scintillation cut-off frequency
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